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酸根的吸附可以稳定 Pt(100)长程有序结构，使其在更高的电位（正移 200 mV）
才被扰乱。低电位区间柠檬酸根在基础晶面电极的吸附使氢的吸脱附电量发生变
化：Pt(100)上增加 20%左右，Pt(111)上增加 13%左右，而 Pt(110)上反而减少 8%
左右。电化学原位红外光谱研究提出，在 Pt 单晶电极上柠檬酸根是以羧酸根桥
式形式吸附在电极表面，吸附量随电极电位的升高而增多。测得吸附态物种红外
谱峰随电位变化的Stark系数次序为：Pt(111)(22 cm-1·V-1) > Pt(100)(21 cm-1·V-1） > 
Pt(110)(13 cm-1·V-1）。柠檬酸根在低电位区间易解离产生 CO 吸附在电极表面，
CO 谱峰强度顺序是：Pt(110) > Pt(111) > Pt(100)，在 Pt(110)电极上解离产生的
CO Stark 系数为 60 cm-1·V-1 左右，而在另外两个电极上由于解离产生的 CO 量很
少，无法测得其 Stark 系数。通过电化学循环伏安和原位红外光谱研究发现，柠
檬酸根在 Pt(100)和 Pt(111)电极表面吸附形式一样吸附量接近，同时考虑到柠檬
酸根会在高能表面产生 CO，而 CO 在 Pt(100)电极表面吸附 强，综合考虑以上
因素，用柠檬酸盐作为功能分子合成出的纳米粒子将同时含有{100}和{111}晶面。 
2、季铵盐吸附特性的研究：季铵盐（CTAC，CTAB）功能分子的卤素离子
和烷基铵阳离子同时影响其在 Pt 单晶电极上的覆盖度。考虑到 N+在电子结构上
和 SP3 杂化的 C 是等电子体和等结构体，很难成为电子给体或电子受体，因此不
易吸附在 Pt 电极表面，而是带负电荷的卤素离子先吸附在电极表面，通过静电
引力作用烷基铵阳离子吸附在卤素离子层而外层形成 bilayer 结构。测的 CTAB
在 Pt 单晶表面吸附的覆盖度大小顺序 : Pt(100)(50%) > Pt(111)(35%)> 
























3、PVP 吸附特性的研究：PVP 在 Pt 单晶电极上的覆盖度在 Pt(100)电极上
的 大：约 60%；在 Pt(111)上次之：约 55%；在 Pt(110)上 少：约 45%。同样
在高电位氧化时，PVP 在 Pt(100)电极上更不容易脱附，说明在 Pt(100)上的吸附
能力比其他晶面稍强。PVP在 Pt单晶的吸附强弱顺序:Pt(100) > Pt(111) > Pt(110)。
























The adsorption of functional agents (Citrate, CTAB, PVP) on Pt single crystal 
electrodes in acid solutions was investigated by using cyclic voltammetry and in situ 
FTIR spectroscopy, for the purpose of understanding the mechanism of functional 
agents in shape-controlled synthesis. The main results are summarized below： 
1、Study of adsorption of citrate on Pt single crystal surface: It has demonstrated 
that, through a systematic study of electrochemical cyclic voltammetry, the presence 
of citrate in solution has increased the current peak density (jp,L) of hydrogen 
adsorption at high potential, furthermore, shifted negatively the peak potential (Ep,L) 
of jp,L. The results indicated also that citrate has postponed approximately 200 mV the 
disturbance of the 2D-(100) structure upon oxygen adsorption at high potential. The 
charge of hydrogen adsorption/desorption has changed because of the adsorption of 
citrate on Pt single crystal surface: Pt(100) increased ca.20%, Pt(111) increased 
ca.13%, however, Pt(110) decreased ca.8%. In situ FTIRS studies demonstrated that 
citrate adsorped on the Pt surface through 3 carboxylate groups with bridge 
configuration, the intensity of vs(CO2
-) increased with the potential of working 
electrode, the stark coefficients were in a decreasing order: Pt(111)(22 cm-1·V-1) > 
Pt(100)(21 cm-1·V-1) > Pt(110)(13 cm-1·V-1). Because of the strong interaction of 
citrate with Pt surface, led to generate CO from the adsorption of citrate. The band 
intensities of adsorbed CO were in a decreasing order of Pt(110) > Pt(111) > Pt(100), 
the stark coefficient of Pt(110) was ca. 60 cm-1·V-1. It has been found that, through a 
systematic study of electrochemical cyclic voltammetry and in situ FTIRS，the 
adsorption behavior and capacity were similar for Pt(100) and Pt(111), considering 
CO generated from citrate adsorbed on high energy surface adsorbed strongly on {100} 
surface. So taking many factors into account, we could synthesizing the nanoparticle 
with {100} and {111} surface using citrate as functional agent.  
















and alkyl amine cations from the quaternary ammonium salt have an effect on the 
coverage on the Pt surface. Considering the electronic structure of N+ and C with SP3 
hybridization were the isoelectronic and isostructure species, which was difficult to be 
electron donor and acceptor，so it’s not easy to adsorb on Pt surface, however, the 
halide ions with negative charge can adsorb on Pt surface and the alkyl amine cations 
adsorbed on the layer of halide ions by electrostatic force forming the bilayer 
structure which was expected to be favorable in aqueous environment. The coverage 
of CTAB adsorbed Pt surface was different with an order of Pt(100)(50%) > Pt(111) 
(35%) > Pt(110) (25%). In situ FTIRS studies demonstrated that 2850 cm-1 and 2917 
cm-1 were attributed to vs(CH2) and vas(CH2), 1490 cm
-1 was assigned to C-H scissoring 
vibration of (CH3)4–N
+, 2020 cm-1 was ascribed to COL. Both the halide ions and alkyl 
amine cations have an effect on shape-controlled synthesis of metal nano-catalyst. 
The halide ions adsorbed on nanoparticles could decrease the surface energy, alkyl 
amine cation adsorbed on the halide ions layer forming bilayer structure, which 
maybe prevent the nanoparticles from aggregating，finally controlling the shape and 
size of the nanoparticle. 
3、Study of adsorption of PVP on Pt single crystal surface: The coverage of PVP 
adsorbed Pt surface was in a decreasing order of Pt(100) (60%) > Pt(111) (55%) > 
Pt(110) (45%). Also, it’s more difficult to eliminate the PVP from Pt(100) surface 
compare to Pt(111) and Pt(110). So, if we use PVP as functional agent, we could 
synthesized the nanoparticle with domain {100} surface. 
We choosed Pt single crystal electrodes to study adsorption behaviors between 
the typical functional agents and single crystal electrodes, then to apply in situ FTIR 
spectroscopy to gain information at molecule level. It’s of importance to further 
understand the mechanism of functional agents in shape-controlled synthesis and 
provide guidance on rational designing and preparing high performance nanocatalysts.  
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